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(g) Conaolidatable particulate material and well treatment method. 

(g) A subterranean zone located in a weU is 
treated by injecting a treating composition into 
the well to place the treating composition in the 
subterranean zone, the treating composition 
cximprising a gelled canrier; a particulate ma- 
terial; an epoxy resin system including at least 
one epoxy resin ; and a fineiy^lvided hardening 
agent which, when dissoh^ed, is operable for 
hardening the epoxy resin, the finely-divided 
hardening agent being dispersed In the epoxy 
resin system. The finely-divided hardening 
agent is maintained under oondUona such that, 
prior to injecting the composition into the well, 
the fnely-divided hardening agent doea not 
substantially dissolva 
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(g) Conaolidatable particulate material and well treatment method. 



A subterranean zone located In a well is treated by injecting a treating composition into the well to 
place the treating composition in the subterranean zona, the treating oomposUon comprising a gdled 
carrier: a partlculatB material; an epoxy resin system including at least one epoxy resin; and a 
finely-divided hardening agent which, when dissoh/ed. ia operable for hardening the epoxy resin, the 
finely-divided hardening agent being dispersed in the epoxy resin system. The finely<jivided hardening 
agent is maintained under oonditione such that prior to injecting the composition into the well, the 
finely-divided hardening agent does not substantially dissohm. 



* f'r 
w 

-r- 

EP0643196 A2 

The present invention relates to a method of treating a subterranean formation using a oonsolidateble 
epoxy resin-coated particuiato material. 

Consolidateble epoxy resin-coated particuiate materials have been used heretofore in various well treat- 
ment operatione. Coneoiidateble epoxy resin-ooatod sands have been used Jor examp^^ 

5 for the development of contioled penmeability synthetic fonmations within subterranean zones, and as prop- 
pant matertels in fornwUonfraduring operations. Due totheirdesirabte permeability and compressive strength 
characteristics, consolidateble epoxy reebi-coated particuiate materials are especially well^suited for treating 
semioonsolldated and unconsolidated formations which contain loose or unsteMe sands. 

As used herein, the tenn 'consdidatable epoxy resin-coated particulate material' retere to a particulate 

10 material which te coated with an uncuredoroniy parttaly cured epOQf resin composition. Typicaly. the con- 
solidateble epoxy resin-coated particulate material will be injected into a subterranean zone using procedures 
whereby the epoxy resin does not substantially harden until after the particulate material has been delivered 
to a desired location within the fomnatlon. The consolidateble epoxy resin-coated particulate material wil typ- 
icaly hanlen within the formation to form a hard, consolidated, penmeable mass. 

f5 WeH treatment methods utilizing consolidateble epoxy resin-coated particulate materials are disdosed* 
for example, in U.S. Patent No. 5,128,390. The entire disclosure of U.S. Patent No. 5,128,390 is incorporated 
herein by reference. 

U.S. Patent No. 5,128,390 discloses a method for continuously fomiing and transporting consolidateble 
resinooated particulate materiato. In the method of U.S. Patent No. 5,128,390, a stream of gelled aqueous ear- 
so rier liquid is continuously mixed with a particulate material (e.g., sand), a hardenabte epoxy resin composition, 
and a surtece acth^e agent The resulting continuous composition Is delivered to and/or injected into a desbed 
subterranean zone. As the continuous mixture flows down the well tubing toward the subterranean zone, the 
composition tngredlente are thoroughly mixed such that the gel-suspended particulate material Is coated with 
the hardenable epoxy resin composition. After being placed in the subterranean zone, the epoxy resin com- 
as position Is allowed to harden whereby the resin-coated particulate material forms a hard, permeable, consoB- 
datsdmass. 

The hardenable epoxy resin oomposttion used in the method of U.S. Patent No. 5,128,390 ie generally com- 
posed of: a pdyepoxide resin cairied In a sohrent system; a hardening agent; a coupling agent; and a hanlening 
rate controller. The hardening agent used In the method of U.S. Patent No. 5,128,390 ie either (a) an amine, 
30 a polyamine, an amide, and/or a polyamide dissolved in a suttaMe sohrent or (b) a liquid eutectic mixture of 
amines diluted with methyl alcohol. 

Unfortunately, well treatment methode of the type disclosed In U.8. Patent No. 5,128,390 are not well- 
suited for use in high temperature subterranean formatlone. Coneolidated epoxy/hardener oompoeitions of the 
type used in the methods of U.S. Patent No. 5,128,390 typically cannot withstend temperatures substantially 
35 exceeding at>out 200^ F. I^owever, such temperature condftlone are commonly encountered in subtsnanean 
formations. 

Thus, a need presently exists for a consolidateble rssincoated particuiato material and method which can 
be used for treating high temperature subterranean zones and formations (i.e., zones and formations having 
temperatures exceeding about 200^" F). 

40 Diaminodiphenytsulfone (DOS) has been used heretofore as a hardener in certain epoxy rssin composi- 
tions. DOS generally provides high temperature rssistanoe and high chemical resistence propertlee. Atambient 
conditions, DDS te typically a solid material which will not substantially diasoh/e in mort of the soh^ents and/or 
diluents used in epoxy resin systems. Thus, when blending DDS witti an epoxy resin, the blend componenta 
must typically be heated sufficiently to enable tfie DDS to be dissoh^ed in the epoxy resin systent 

40 In view of the diff icuities encountered when blending DDS with epoxy resins, the use of DDS as an epoxy 
resin hardener in well treatment operations has not heretofore been a viabte alternative. The heating and btond- 
ing operatione required for dissolving DDS in epoxy resin systems typically cannot be economically and con- 
veniently conducted at the well site. Additionally, it is generally not possit>le to perform the blending operation 
of^site and then deliver ttie DDS/epoxy reein btond to the well site since: (a) the resulting DDS/epoxy resin 

50 compoeition will typicaly have a very short pot iifis; (b) ttie DDS/epoxy reein composition will, in many cases, 
harden before it can be delh^ersd to the well site and used; and (c) even if the blend does not harden before 
use, any excess material produced and deHversd to the well site is simply wasted. 

have now devised a mettiod of treating a subterranean formation using an epoxy reein-coated partio- 
ulate material composition. 

55 According to the present invention, there ie provided a mettiod of treating a subterranean zone in a wel, 
which method comprisee ttie steps ct 

(a) injecting a treating composition into ttie wel to place the '-^^nposition in the said, subterranean zone; 
wherein the treating composition comprises a gelled canrier, a ; jrticuiate material, an epoxy resin system 
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including at least one epoxy resin, and a finely-divided hardening agent which* when dissolved, is operat)le 
for hardening said epoxy resin, at least a portion of said f inely-dhrided hardening agent being dispersed 
in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well w\ accordance with step (a), the f inely-dhrided hardening agent is not substantially 
dissoh/ed. 

One preferred finely civioec hardening agent for use in the Invention is 4,4'-diaminodiphenyl8ulfone. 

The present Invention resolves various problems encountered her^ofore in the use of DOS and similar 
high temperature harden agents. The components of the well treating composition can be conveniently and 
economically blended at the wel site using standard mbdng techniques and devices. Since the finely-divided 
hardening agent used in the nventive composition does not substantially dissoh^e until after the composition 
is pumped into the well, there a very little chance that the epoxy resin component of the composition will sig- 
nif icandy harden before the composition is properly placed downhole. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher compressive strength and a substantially 
higher fracture conductivity than does uncoated sand. Thus, the composition and method are well-suited for 
use in gravel packing operations, fracturing procedures, and other such well treating techniques. 

If desired, the epoxy resin and finely-divided hardening agent components of the Inventive composition 
can be prembced to provide a one package epoxy system having a desirably long pot life. The Inventive one 
package epoxy system will not substantially harden until the temperature of the system is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissoh/e. When, for example, the finely- 
divided hardening agent used In the inventive one package system Is 4,4'-dlaminodlphenytsuifone, the one 
package system can typically be stored for more than 25 days at temperatures not substantially exceeding 
75* F. 

Further objects, features, and advantages of the present invention will be readily apparent to those skilled 
in the art upon reading the following descriptkin of the preferred embodiments. 

DE8CRIPTIOM OF THE PREFERRED EIIBGDIMEHTS 

As indicated at>ove, the Inventive well treating composition comprises: an epoxy resIn system; one or more 
finely-divided hardening agents whk:h, when dissolved. Is (are) operable for hardening the epoxy resin system; 
a gelled canier; and a particulate material. The inventive well treating composltkm can optkMially include one 
or mors members selected from the group consisting of: a solvent or so^ent system for the epoxy resin system; 
a diluent or diluent system for the hardening agent; one or more coupling agents; one or more compounds which 
ars operable for crosslinking the epoxy resin system; various aurfactants; hardening rate controllers; methanol; 
and one or more allphs^ic alcohols. 

The epoxy resin system used in the Inventive well treating composition Is composed of one or more epoxy 
resins which (a) will coat the particulate material when the particulate material is suspended in the gelled carrier 
and (b) wifl harden when placed downhole such that the epoxy resin-coated particulate material is thereby con- 
sdldatad to form a hard permeable mass. Examples of epoxy resins preferred for use in the present inventton 
include: the diglycklyl ^here of btsphenol-A; the digtyckJyl ethers of bisphenol-F; the glycidyl ethers of amlno- 
phenols; the glycidyl ethers of methylenedlanlllne; and epoxy novolac resins. The epoxy resins used in the In- 
venthw wel treating composftfon will preferably have epoxkie equh/alent weights (EEW) In the range of from 
about go ID about 300. The EEW of an epoxy resin is determined by divkiing the molecular weight of the epoxy 
resin by the number of epoxide groups contained in each molecule of the epoxy resin. 

The epoxy resin system used in the inventh^e well treating composltton can also include a soh^ent or solvent 
system. When used, the solvent or soh^ent system will preferably be inchjded In the epoxy resin system in an 
amount sufficient to ensurs that the viscosity of the epoxy resin system does not substantially exceed about 
5000 centipoise at TS"* C. Examplee of soh^ents suitable for use in the epoxy resin system include polar organic 
diluents whfeh are teac^e with epoxide and polyepoxkle resins; polar organic diluents which are substantially 
nonrsadive with epoxy resins; and mixtures thereof. Examples of suitable reacth^e polar organk: diluents in- 
clude: butylglycMyf ether, crssolglyckfylether; ali^^lyckiylether; phenylglycidyiether; and generally any other 
glycMyi ether which is misctbie with the epoxy rssin(s) used. Examples of substantially nonreacth/e polar or- 
ganic diluents suitable for use in the epaxy resin system are discfosed in U.S. Patent No. 5,128.390. Preferred 
nonreacth^e polar organic diluents include: ethyiacetate; butyl lactate; ethyl lactate; amyl acetate; ethylene gly- 
col diac^ate; and propylene glycol diacetate. 

When possible, any sclent used in the Inventive well treating compositk)n wiU preferably be a material in 
which the finely-divMed hardening agent will not substantially dissolve at ambient condltfons. 

The epoxy resin system is present in the inventive well treating compositfon in an effective amount for con- 
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solldating the particulate matariai to form a haid penneable maas. TypkaBy. the amount of epoxy resin system 
used In the inventtve compoaMon %»» be an amount piovidino in the range of from atKMit 1 to atxHJt 20 pounds 
of epoxy reain per 1 00 pounds of particulate material. When, for example, the epoxy resin system consists es- 
sentially of a mixtum of N.N.N',N'-tetraglycidyM.4'-methylenebi8benzamine and 1.4-butanediol digiyddyl 
ether, the amount of epoxy reain ayatom used In the inventive composition will preferably be an amount pro- 
vMlnfl in the range of from about 2 to about 5 pounds of epoxy reain per 100 pounds of particulate mateilal. 

The hartenmg agent uaed in the inventive weU treating compoaition can generally be any hardening agent 
which- (a) can be provided in finelyMllvlded farm; (b) can be readily diapereed in the epoxy resin system; (c) 
can be maintained under conditions such that it will not substantially dissolve prior to being injected into a wel; 
and (d) will operate, wfhen dissdved. to hanlen the epoiq^ resin system. The hardening agent Is prtfarably a 
matariai which will provide a haidened epoxy resin composition which (a) exhibits substantially higher com- 
pressive strength and fracture conductivity propertiea than doea uncoated sand and (b) substantially retaina 
these propertiee at temperatures of at least about 325° F. Most prefteably. the hardening agent Is an agent 
which w« yMd a hardened epoxy resin composition which is weH-suitod for use at temperatures in the renga 
of from about 200" F to about 350" F. 

Examples of finely-divided hardening agents preferred for use In the present invention include: M'-dla- 
minodiphenylsidfbne. 3.3'-dlamlnodlphenylsulfone, metaphenylenediamine, 4,441 .4-phenylene(1-methyl 
ethylidene)]bi8{ben2enamine), and 4.441.4-phenylene(Hnethylethylidene)]bis(2.6-dmethylbenzenamine). 
Due to their relative low edubilities ki most epoxy reain syatems. aromatic diaminea are particularly wel-auited 
tar use in the preeant invention. 

The hardening agent moat preferred tar use in the inventive well treatbtg composition is 4^'-diaminodl- 
phenylsuifone (4/4--DDS). The sdubHIty of 4.4'.0D8 In most epoxy main systama Is typlcaly very low. Addl- 
tlonaily. hardened epoxy resin compositions provided through the use of 4,4*-DDS are highly temperature-re- 
sislant and chemicalHeaistBnt Further, hardened epoxy resin compositions farmed through the use of 4.4'- 
DDS are particularly weH^uHsd far temperaturee In the range of from about 200» to about 350» F. Moraovar. 
in comparison to other hardening agents used in the art, 4,4'-DDS presents an extremely low health risk. 

The amount of f biely-dlvided hardening agent used in the inventive wel treating composition is an amount 
which, when dieaohred. is eftecthw tar hardening the epnqr reeln system. If the hardening agent used In the 
inventlvo composition is finely-divided 4,4'-DDS. said 4,4'-DDS la preferably included in the inventive compo- 
sition in en amount in the range of from about 25 g to about 45 g per 100 g of epoxy resin. 

The indivlduel pertldes of the f biely^hrlded herdenlrig egent will preferably have elzee In the range of from 
about 1 to about 100 microne. Such particulate matariaia can be prepaied.far example, by grinding the hard- 
ening agent in a mill 

In order tofbdiitBtB component blending, the finely-divided hardening agent can be added to the well treat- 
ing composition in a slurry form. Examples of diluent liquids prefsnred for uee In fonning the hardening agent 
shjnY Include methanol, ethand, isopiopyl alcohol, ethyl acetate. bUyl lactate, toluene, xylene. Isoamyl alco- 
hol, isohexyl alcohol, and n*ctures thereof. When possMe. the diluent wSI preferably be a liquid material In 
which the finely-dh/lded hardening agent wiU not substantially dissolve at ambient conditions. 

Although thegeled carrier liquid used In the InventhreweH treating composition can generally 
center oomnonly used in the art, the gelled carrierliquld Is preferably a geOad aqueoua composition. The geHed 
aqueous composition can generally be fanned using fresh watsr, brine, seawater or the like. 

Generally any gelling agent commonly uaed In waH treating operatkma to form gelted aqueoue canter llq- 
ukls can be used in the present invention. The geling agenta preferred far use in the present inventfan are 
polysaccharidee having molecular we^hts in the range of fnxn about 100.000 to about 4.000.000. Polysac- 
charides having molecular weights in the range of from about 500,000 to about 2.400.000 are particularly wen- 
suited fbr use in the present inventtoa The polysaccharide gelling agent wIN preferably indude hydroxyethyl 
or other substituents whkii provMe water hyctoation and other charaderisUcs conducive to the farmation of a 
dear aqueousgdhavfogavlscoslty of at toast about 30 cent^MiaeonaFannV.O. meter at 300 rpm. Examplee 
of polysaccharide polymers prefened for use in the inventive wdl trsating oomposition include: substituted car- 
baxf and hydroxy alkyi celluloae (e.g.. hydroxyethyl cendose and carboxymethyl hydroxyethyl cdluiose); guar 
gum; and guar gum dertvathraa (9.g., hydroxy propyl guar). The gdling agent used in the inventive composition 
is most preferably either hydrexypropyl guar or cartx)xyethylhydroxypropyl guar and most prefsraWy 
pylene oxUe subetttution of from about 0.1 to about 0.7 moles of propylene oxide per mote of mannoae sid 

galadosa contained in the guar. 

Theamountof pdysaccharide geOing agent used Ip forming the gdled.aqueoua carrier tk]uid wil preferably 
be an amount in the range of from about 20 to about 120 pounda d gdling agent per 1000 gaBona of water. 
The geRed aqueous carrier liquid wM preferably have a vtoooaity in the range of from about 10 centipoise to 
aboU 400 centipoiae. Aloet preferably, the gdled aqueoua cantor Hquid is comprised of from about 30 to about 
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SO pounds of hydroxypropyl guar gelling agent per 1000 gallons of water and has a viscosity in the range of 
from 15 to about 100 oentipobe. 

The gelled aqueous carrier liquid can also indude one or more gel crosslinMng agents. Examples of gel 
crosslinking agents preferred for use in the present invention indude: titanium lactate: titanium triethandamine; 
5 aluminum acetate; magnesium oxMe; and zirconium salts. 

The inventive well treating composition preferat)ly also indudes one or more gel breakers. The gel brewers 
preferred for use in the inventive composition are materials which are operal)le for brealdng the aqueous carrier 
gel, and thereby reducing the viscosity of the aqueous carrier liquid, at a time substantiaDy oorresponding to 
the placement of the inventive composition in a desired subterranean zone. When the carrier liquid gd is brok- 
10 en, the carrier Ik^uid readily separates from the remainder (I-Om the epoxy resin-coated particulate portk>n) of 
the wail treating compositton. As a result, the epoxy rasin-ooated particulate materid is allowed to consdMate 
and theret>y form a hard permeable mass in the subterranean zone. 

When the gelling agent used in the Inventive compositton is a substituted cdlulose-type gdling agent the 
gd breaker used will preferably be an enzyme-type gd breaker (e.g., cdlulase) or an oxklant such as sodium 
f5 persulfete. When the gelling agent used in the inventive compositton Is a substituted guar gelling agent, the 
gd breaker will preferably be a hemtcellulase or an oxklant such as sodium persulfata 

The parttoulate material used in the inventive composition can generally be any pioppant or other water- 
insduble particulate material of the type used in fracturing, gravel packing, and similar wdl treating operattons. 
Examples indude: sand; glass beads; nut shells; metallto pellets; gravd; synthetic resin pdlets; gilsonite; coke; 
20 sintered alumina; mullite; and combinattons thereof. The particulate materted used in the present invention is 
most preferat>ly sand. The particulate material will preferably have a partlde size distribution In the range of 
from atXMJt 10 to about 70 mesh, U.S. sieve series^ 

The amount of particulate material used In the inventive composition Is preferably an amount In the range 
of from atxHit 2 to about 20 pounds of particulate material per gallon of the gdled aqueous carrier IkiukJ. Most 
25 preferably, the amount of particulate materid used in the inventive compositton is an amount to the range of 
from about 3 to atK>ut 15 pounds of particulate materid per gdton of gdtod carrier liquid. 

One or more coupling agents can opttondiy be used In the inventive composition to facilitate the coupling 
of the epoxy resin(8) with the partlculata component of the inventive composition. Coupling agents preferred 
for use to the inventive compositton are functtonal silanes. The coupling agent used in the inventive compo- 
30 sition is preferably a N-beta-(aminoethyl)-gamma-aminopropyitrimethoxydlene. The amount of coupling agent 
used In the inventive compositton will preferably be to an amount to the range of from about 0 to about 2 parts 
by weight per 100 parts by wei^t of epoxy resto used In the inventive composition. 

As will t>e understood by those skilled In the art, hardening rate oontrdiere (i.e., retarders or accderatore) 
can be used to extend or shorten the time necessary for curing the epoxy redn compositton. Examples of re- 
as tardere suitable for use In the present invention indude low mdecular weight organto add estera (e.g., alkyi 
estere of tow molecular weight dkyi acids containing from about 2 to about 3 carbon atonw). Examples of ac- 
cderatore suitable tor use in the inventive compositton todude: 2,4,S-tri8 dimethylaminomethylphend; the 
ethylhexanoate sdt of 2,4,S-tris dimethylaminomethylphend; and weak organic adds such as fumarte ackl, 
erythorbic add, ascorbic add, and mddc ackJ. Any hardening rate controller used in the present invention will 
40 preferably be present in an amount in the range of from about 0 to about 10 parts by weight per 100 parts by 
weight of epoxy resto used in the compositton. 

The inventive well treating compositton can further indude one or more surfactants whtoh enable the 
epoxy resin system to rapkfly coat the parttoulate materid. Examples of such surfactants suitable for use in 
the present inventton and desirable ooncentrattons thereof are disdosed in U.S. Patent Na 5,128,3g0. 
45 In order to further foctlitate the coating of the particutote n^terid. tiie Inventive composition can dso irn 
dude an aiiphatto dcohd whtoh is only dightly water-sduble. Examples of prderred diphatic dcohote todude 
Isoamyi alcohd and isohexyi dcohd. When used, such alcohoto are preferaUy present in the inventive com- 
positton in an amount to the range of from about 1 to about Z5 galtons per 1000 gdlons of gdled aqueoue 
carrier liquid. 

so As wiD be understood by those skilled in the art and as explained in U.S. Patent No. 5,128.390, the inventive 
composition can also Indude other surfedants which operate as dl-water demddf iers, foaming agents, and 
tiie like. 

The inventive wdl treating composition can be conveniently formed at the wdl site. In fomning tiie inventive 
compositton. the gelled aqueous cantor liquM b preferably first prepared by combtotog the gdltog agent with 
55 water. The resulttog gdled aqueous carrier is then preferably conducted to a continuous stream mixing tub or 
other commonly used oonttouous mbdng apparatus. In the mixtog tub. the rematoing components of the in- 
ventive composition are continuously added to and mixed with the gdled aqueous carrier iiquto. As the com- 
ponents are mixed, ttie resulttog mixture is continuoudy drawn from the mixing tub and injected into Uie wdl 
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such that the inventive composition is placed or injected into a desired subterranean zone. 

As the inventive composition flows down the weH tut)ing toward the subtemsinean zone, the inventive com- 
position is thoroughly blended such that (a) the particulate material is suspended in the gelled aqueous carrier 
liquid; (b) the components of the epoxy resin system are thoroughly blended; (c) the f ineiy-dhrfded hardening 

5 agent is thoroughly blended with the epoxy resin system; and (d) the particulate material is thoroughly coated 
Witt) the epoxy resin system/Vinely-divided hardening agent blend 

In one embodiment oi me mvenin^ method, the invenUve well treating composition is injected into a weli 
under sufficient pressure to form fractures in a subterranean formation. The resin-coated particulate material 
deposits and consolidatei w\ these fractures to provide fluid-permeable flow paths within the fbnnation. 

10 In another embodiment of the inventh^e method, the inventive wel treating composition is used in an other- 
wise conventional gravel padtng operation. In the inventive gravel paddng operation, tiie inventive well treat- 
ing composition is delivered, for example, to an open subterranean zone (e.g.. an undenreamed wel bore) sur- 
rounding a screening device (e.g.. a perforated liner wrapped wlh a wire screen) whereby ttie resin-coated 
particulate material deposits and consolidates around the screening device to fonm a hard, flidd-pemneaUe 

15 mass. 

If desired, the epoxy resm system and finely-divided hardening agent components of the inventive com- 
position can be premixed to form an inventive one-package epoxy system. Thus, a large batoh of the inventive 
one-package epoxy system can be prepared and stored at a desired locatton. Portions of the one-package 
system can then be delivered, when needed, to one or more well sitee. 
20 in order to prevent the inventive one-paclcage system from hardening, the system is maintained under tem- 
perature conditions such that the finely-divided hardening agent doee not substantially dissoh/e in tiie epoxy 
resin system. Consequently, the finely-divided hardening agent used In ttte present Invention wlU preferably 
be a hardening agent which will not substentially dissolve In tiie epoxy resin system at temperatures of up to 
at least about 25* C. 

25 In one embodiment of tiie present inventkxi, the inventhra one-package epoxy system is prapared a suIh 
stential period (e.g., at least one day) in advance of the time that the inventive well treating compositbn con- 
teining the one-package system is to be injected into a well. When the hardening agent used in the inventive 
one-package system Is 4,4*-DDS, the one-package system can generally be stored at temperaturse not ex- 
ceeding about 75'' F for a period of more tiian 25 days. Substential disaokition of the 4.4'-DD8 hardening agent 

30 typk:aly will not occur until the temperature of the epoxy reein system is raised to about 90* R 

Throughout tiie inventive wel treatment method, the finely-divided hardening agent is preferably main- 
teined under temperatura conditions such that the hardening agent does not substantially dissolve in the epoxy 
resin system until after the inventh^e well treating composition is injected into the wel. When the inventive com- 
position is expoeed to the elevated temperatures existing in the subterranean zone, the f inely*divided hard- 

35 ening agent dissoh^ee in the epoxy resin system and then operates to harden the epoxy reein whereby the resin- 
coated particulate material forms a hani, consolidated, permeable mass. 

The fblowing mamples are presented in order to further illustrate the present invention. 

EXAMPLE! 

40 

The viscosity development characteristics of an epoxy resin system at 100** F and 120^ F were evaluated 
over several days. The epoxy resin system consisted of 66 grams of MY0500 (a diglycidyl ether of para- 
aminophenol available from CIBA 6EIGY Corporatton) mixed with 7.92 grams of 1,4-butanedkal diglycklyf 
ether. The results of these tests are provided in Table 1. The results indtoate that the epoxy resin system will 
45 undergo self-polymerizaUon at elevated temperaturee without the addition of a hardening agent Sucr* seV* 
polymerization is likely to occur as a result of tiie presence of tertiary nitrogens in the backbone of the eposy 
resin molecute. 

In view of these results, it is apparent that the epox esin used in the inventh/e compositkxi wil preferably 
be a resin whk:h will not substentially self polymerize mbient conditions prior to tiie time at which the in- 
50 ventive composition is properly placed in the desired . tenranean zone. 
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EXAMPLE il 

30 

55.44 9 of 4.4*-DOS powder in 4 ml of butyl lactate were mixed with 98.6 g of an epoxy reein ayetem identical 
to the epoxy resin system tested in Example 1. The resulting dispersion was divided in four portions. Portlona 
1. 2, 3. and 4 were maintained, respectively, at room temperature (i.e.. atKXit 75"* F), at 90'' F, at IW F, and 
at 120^ F. The viscosity of each composition was monitored over a numk>er of days, 
as As indicated in Tak>le 2, the dispersion maintained at room temperature did not sut>stantially harden during 

the entire 26 day testing period. The compositions maintained at 90^ F and 100^ F, on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear te have a relatively long pot 
life when stored at temperatures not substentially exceeding 75^ F. 
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EXAMPLE III 



Nuirarous one-package epoxy systems were prepaied by mixing powdered 4,4 -DDS with various epoxy 
resin systems. The compositions of these one-package systems are set forth in Table 3. In some cases, the 
powdered 4,4 -DDS composition used In the blending process was a powdered 4.4 -DDS/methand slurry. 

Each of the one-package epoxy systems was used to coat a sand material suspended In a carrior. In each 
instance, the resin mixture in question was added to an amount of the sand/carrier suspenston and ths resulting 
composition was blended for 3 minutes using an overhead stlner. The sand/carrier used in each case contained 
8 pounds of sand per 100 gallons of carrier liquid. 

Following the coating procedure, each of the resln-coated particulate materials was cured. Table4 piovkles 
the curing condittons used in each case as wel as the type of sand used, the amount of one-package system 
used per sack of sand, and the carrier Ikfuki used In each case. 

Following the curing process, the compressh/e strengths, glass transitkm temperatures, and melt temper- 
atures of the resulting consolidated materials were determined. These properties are provkled in Table 4. 

As Indteated in Table 4. the one-package epoxy/DDS dispersions provkled by the present invention were 
effective for coating suspended sand and for provMIng consolidated materials having compressive strengths 
substantiaNy exceeding the compressive strength of unooated sand. 

The glass transitkMi temperature (Tg) of a cured epoo^ resin generally indkstas the upper useful temper- 
ature limit of the cured resin. As indicated in Table 4, almost all of the hardened compositions prepared In this 
Example had glass transitkm temperatures exceeding 200^ F. Several of the hardened compositions exhibited 
glass transitkm temperatures approaching or exceeding 350* F. 
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1 .5 mL of N-beta-(amino6thyl)-gamma-aiTdnopropyltrifnetto grams of HT976, and 11.55 mL of 

methanol waa prepared by mixing using an overhead stirrer. A first portion of this composition was used to 
coat 20/40 mesh Ottawa f lac sand at a concentration of 0.5 gallons of the one-package epoxy system per 1 00 
I b. sack of sand. A seoond portkm of the one-package system was used to coat 20/40 mesh Ottawa f rac sand 

5 at a concentratton of 0.375 gallons of the one-package system per 100 lb. sack of sand. The procedure used 
in each case for coating the sand with the one-package system involved the stepe of; suspending the sand in 
a gelled aqueous carrier liquM at a oonoentratton of 8 pounds of sand per 100 gaBons of gelled liquid; adding 
the one-package epoxy system to the sand/canrier liquki suspenston; and blending the resulting composition 
for 3 minutes using an overhead mixer. The geled carrier lk|uki had a pH of 9.5 and waa composed of 40 lb. 

10 of hydroxypropyi guar per 1000 gaRons of aqueous liqukL The aqueous liquid used was an aqueous 2% KCI 
solutton. 

Each of the reein-coated sand composittons was cured for 24 hours at 275** F and 1 000 psi closure piBSsura 
in an API linear oonductlvfty cell. 

Following the curing procedure, water flow was initiated through each of the conductivity cells and the cen- 
ts ductivities of the materials therein werd determined. Flow conductivities for each of the materials were then 
determined at closure pressurss of 40CG psi and 6000 psi. The conductivity values obtained in these tests are 
recorded in Table 5. 

For comparison purposes, the fluid conductivly of uncoated 20/40 Ottawa sand was also determined at 
ctosure pressures of 1000 psi, 4000 pel, and 6000 psi. The results of these tests are also shown in Table 5. 
20 As indicated in Table 5, the fluid conductivities of the consolidated materials prepared using the Inventive 
one-package epoxy system substantially exceeded the fluid conductivities of the uncoated sand. 

M the end of the fkiw conducth^lty test, each of the consdUated composWons rsmalned oonsolidated. 
Scanning electron microscope analysis indicated that the hardened epoxy surface coatings formed in each 
case were not In any way substantially disrupted by the high pressure flow tests. 

25 

TABLES 



35 



FRACTURE CONDUCTIVrTY DATA 


Stress (psi) 


Conductivity (md-ft) 


.375 gal/sad( . 


.5 gal/sack 


No Resin 


1000 




5385 


5614 


4231 


4000 




4225 


3040 


2422 


6000 




3029 


2416 


950 



EXAMPLE V 

40 

A disperston consisting of 41 .58 grams of HT 976 powder, 66 grams of MYO500, 7.92 grams of RD-2, and 
3 milliliters of butyl lactate was prepared by mixing with an overhead stirrer. 1.5 mlllliters of N-beta-(aminoe> 
thyt)-gamma-amlnopropyltrimethoxy sllane coupling aqent and 11.55 milliliters of methanol were added to the 
disperston and mbced therewith using saki overhead stirrer. 

^ A portton (tf the resulting mbcture was used to coat 20/40 mesh Ottawa f rac sand in an amount of 0.5 galons 
of mixture per 1 00 lb. sack of sand. A seoond portkm of the mixture was used to coat 20/40 mesh Ottawa f rac 
sand in an amount of 0.75 gaions of mbdure per 100 lb. sack of sand. During the sand coating process, the 
sand was suspended In an aqueous gel having a pH of 9.5 and consisting of 40 pounds of hydroxypropyi guar 
per 1000 gaBons of aqueous 2% KCI solution. In each case, the sand/geDed carrier suspensk>n consisted of 

^ 8 pounds of sand per 100 galons of the gelled aqueous carrier lk|uid. The sand coating procedure used was 
essentially Mentical to the coating procedure described In Example Hi. 

Each of the resin-coated sand compositions was cured In an API linear conductivity cell for 20 houre at a 
temperature of 275'' F. After hardening, each of the oonsdkiated materials had a compressive strength of 1 300 
psi at 275^ F. At a ck>sure pressure of 600 pel, the 0.5 gaOon per sack nraterial exhibited a flow conductivity 

^ of 2500 md-ft whereae the 0.75 galkm per sack material exhibited a flow conductivity of 3000 md-ft Since, as 
indicated above, the fracture conductivity of uncoated 20/40 mesh Ottawa f rac sand under theee condittons 
is only 950 md-ft, the hardened inventive oompositkNis exhbHed fracture conductivities substantially exceed- 

la 
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ing the fracture conductivity of uncoated sand. 
EXAMPLE VI 

5 Twelve epoxy novdac based one-pi»kage epoxy systems (i.e.. resin system composlions 29-40) having 
the compositions set forth in Table 6 were prepared. Resin system compositions 29-33 were prepared by mixing 
together 19 g of SU 2.5. 3.3 g of HELOXY 5044. 1 mL of ED-1. and 7^6 g of HT 976 for 150 minutes using a 
mechanical stirrer. To this mbcture was added 0«5 mL of All 20 followed by 15 minutes of additional stMng. 
Next 3 mL of nrrethanol were added followed by 5 additional minutes of stimng. The resulting mixture was then 

10 used, in the amounts set forth in Table 6. to coat 20/40 mesh Ottawa sand in an aqueous gel carrier. 

Resin system compositions 34-36 were prepared by mixing together 19 g of SU 2.5, 3.3g of HELOXY 5044. 
1 mL of ED-1, and 0.5 mL of A1120 for 15 minutes. Next 7.56 g of HT 976 dispersed in 7 mL of methanol were 
added followed by one minute of additional stirring. The resulting mixture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

15 Resin system compositions 37-40 were prepared by mbung together, in the amounts set forth in Table 6, 
SU 2.5. HELOXY 5044, and A1 120 for 15 minutes using a mechanical stirrer. A second composition containing 
HT 976. ED-1, and methanol in the amounts set forth in Table 6 was prepared by mbdng these components 
together for 10 minutes using a mechanical stirrer. The second composition was added to the first composition 
and the resulting mixture was stirred for one minute. The final stirred mixture was then used in the amounts 

20 set foirth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

The gelled aqueous carrier liquid used In each case contained 40 lb. of hydroxypropyl guar per 1000 gallone 
of aqueous liquid (i.e., 2% aqueous KCI solution) and had a pH of 5. In each case, the sand/canier liquid sue- 
pension used consisted of 500 g of sand per 555 mL of gelled aqueous canler liquid. 

In each case, the sand was coated with the resin coniposition by mbung the resin composition with the 

25 sand/camer suspension using an overhead stirrer. Following the coating procedure, each of the resin coated 
sand materials was packed in a separate glass tube and cured in an oven. The curing conditions used, as well 
as the compressh^ strengths and glass transition temperatures exhibited by the cured materials, aro recorded 
in Table 6. 

As indicated by the compressive strength and glass transition temperature characteristics exhibited by 
30 compositions 29-40, these epoxy novolac based resin systems provided consolidated materials which were 
well-suited for use at temperatures exceeding 300" F. 
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Claims 

1 . A method of treating a subterranean zone in a well, which niethod comprises the steps of: 

(a) injecting a treating composition into the weO to place the composition in the said, subterranean zone; 
wherein the treating composition comprises a gelled carrier, a particulate material, an epoxy resin sys- 
tem including at least one epoxy resin, and a fineiy-dWided hardening agent which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well in accordance with step (a), the f inely-dwided hardening agent is not substantially 
dissoh/ed. 

2. A method according to dalm 1 , further comprising the step, prior to step (a), d prembcing the f Inely-dMded 
hardening agent with the epoxy resin system. 

3. A method according to daim 2, wherein the finely-divided hardening agent is prembced with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to daim 2 or 3, wherein said finely^ivided hardening agent is prembced with said 
epoxy resin system by mbdng with said epoxy resin system a slurry comprising the finely-divided hard- 
ening agent and a carrier liquid. 

5. A method according to daim 4. wherein the carrier liquid is methanol, ethand, isopropyl alcohol, ethyl acet- 
ate, butyl lactate, tduene, xylene, isoamyl alcohd, isohexyl aloohd, or any nruxture of two or nrwre therecf. 

6. A method according to any of daims 1 to 5, wherein the epoxy resin system further indudes at least one 
solvent 

7. A method according to any of daims 1 to 6, wherein the treating composition Is prepared byu 

(1) adding the particulate material to a subalantiaOy oontbiuous stream comprising water and a gelling 
agent; and 

(ii) adding the epoxy resin system and the f indy^divided hardening agent to said continuous stream. 

8. A method according to any of daims 1 to 7. wherein the finely-divided hardening agent is 4,4 -diamino- 
diphenylsulfone. 

9. A method according to any of daims 1 lo 8. wherein said subterranean zone is a subterranean fbnnation 
and said treating composition is injected into the well under suff ident pressure to fracture the subterra- 
nean formation. 

10. A method according to any of daims 1 to 9, wherein the treating composition is injected into the wdl such 
that the particulate material is coated with the epoxy resin system and the finely-divided hardening agent, 
and the coated particulate material is deposited in said subterranean zone around a screening device. 
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